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Remarks 

Amendments to the claims 

Claims 1 and 5 have been amended to include an upper limit on the void volume (see 
paragraph 0025). Claim 1 has additionally been amended to recite a particular shape for the 
elastomer composite pieces (see paragraph 0021). Claims 3 and 4 have been amended to make 
them independent claims, including the limitations regarding the void volume. Claims 3 f 4, arid 5 
have been amended to recite that the elastomer composite is produced by a wet masterbatch method 
(see paragraphs 0012 and 0013). Claims 2 and 6-8 have been cancelled. Claim 65 has been added 
and is supported by the specification as originally filed. No new matter is entered by these 
amendments. 

Examiner Interview 

The undersigned thanks the Examiner for taking the time to discuss the Jorgensen reference 
on September 6, 2007. 

The Jorgen sen Reference Teaches Awav From The Recited Void Volume 

Jorgensen discloses 'Bales having a density change of greater than about two times that of 
the original particulate rubber are found to be not friable..' 9 (column 4, lines 43-44, italics added). 
The table below lists samples from Jorgensen, along with the void volume calculated as discussed 
in the Response to Office Action dated July 19, 2007. All the information in the table except for the 
void volume is drawn directly from Jorgensen; the void volume is calculated using data from the 
Jorgensen patent. 
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Sanrole 
Number 


Mnnn ev 

i v i\j \ji iw y 

Viscosity 


Times 
Increase in 
Bulk Density 


V \JlsA V UlLUIlt? 

(%) 


Friable? 


Example 1, 
Sample 1 


80 


1.43 


43 


Yes 


Example 1, 
Sample 2 


80 


1.59 


37 


Yes 


Example 1, 
Sample 3 


80 


1.65 


35 


. Yes 


Example 1, 
Sample 4 


80 


1.84 


27 


Yes 


Example 1, 
Sample 5 


80 


1.97 


23 


Yes 


Example 1, 
Sample 6 


80 


2.3 


9.5 


NO 


Example 2, 
Sample 1 


50 


1.4 


33 


Yes 


Example 2, 
Sample 2 


50 


1.46 


30 


Yes 


Example 2, 
Sample 3 


50 


1.46 


30 


Yes 


Example 2, 
Sample 4 


50 


1.58 


24 . 


Yes 


Example 2, 
Sample 5 


50 


1.64 


21 


NO 


Example 2, 
Sample 6 


50 


1.89 


9.5 


NO 



The claims, as amended, recite that the void volume of the bale should be from 3% to 20% 
by volume. Jorgensen teaches away from this void volume range because he discloses that a bale 
having a void volume in this range is not friable. As can be seen from the table, while Jorgensen 
discloses bales having a density in the range recited by the pending claims, Jorgensen also discloses 
that these bales are not suitable for the use contemplated by Jorgensen. 

Jorgensen Fails To Contemplate Rubber Particles Having The Recited Shapes 

The claims recite specific shapes for the particles in the bale. Applicant submits that 
Jorgensen discloses compressing powders or crumbs made up of relatively equiaxed particles (e.g., 
with diameters between about 0.1 mm and about 15 mm; see column 2, line 8). Jorgensen fails to 
disclose that the particles of rubber may have an aspect ratio or what that aspect ratio might be. In 
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contrast, for example, claim 3 recites that the elastomer composite pieces are in generally planar 
form; claim 4 recites short strips. Such anisotropic particles will compress differently than the 
equiaxed particles disclosed by Jorgensen whether they are compressed hydrostatically or 
uniaxially. Indeed, the compression factor emphasized by Jorgensen (e.g., a factor of 1.3-2), may 
not be appropriate for describing the compression of elongated pellets or strips, since, for a given 
magnitude of compression, the resulting porosity may vary depending on the direction of 
compression. Applicant submits that the processes described by Jorgensen do not teach a skilled 
artisan the appropriate magnitude of compression or porosity of a bale that is formed from non- 
equiaxed particles. 

Jorgensen Fails To Contemplate Rubbers Having The Claimed Moonev Viscosity 

The claims recite that the elastomer composite has a Mooney viscosity of at least 100. 
Jorgensen discloses rubbers having Mooney viscosities of SO and 80. At the time of the Jorgensen 
patent, elastomer composites were produced by a "dry mix" method in which dry filler is mixed 
with dry rubber. However, the dry mix method of combining filler with rubber breaks polymer 
chains, reducing the molecular weight of the rubber and therefore its Mooney viscosity. Our 
commonly owned patent, 6,048,923, presents a different method of combining filler and elastomer 
in which an aqueous slurry of filler is combined with an aqueous emulsion of elastomer. Wet 
masterbach methods such as those disclosed in the '923 patent results in elastomer composites 
having a higher Mooney viscosity than either the raw polymer or composites produced using a dry 
mix method (see p. 389 of Wang, et aL, NR/Carbon Black Masterbatch Produced with Continuous 
Liquid Phase Mixing, KGK Kautschuk Gummi Kunststoffe. 7-8/2002, page 388-396, a copy of 
which is attached as Exhibit A). Dry mix methods such as those disclosed by Jorgensen are 
unlikely to produce rubber composites having a Mooney Viscosity greater than 100, as recited in 
the claims. Furthermore, even for less viscous rubbers, Jorgensen suggests that void volumes 
below 21% render the bale non-processable. As a result, Applicant submits that Jorgensen fails to 
disclose or suggest a bale of elastomer composite pieces produced by mixing an elastomer latex 
with filler wherein the bale has a void volume of from 3 to 20%, as recited by the claims. 

Jorgensen Fails To Conte mplate Rubbers Produced Using a Wet Masterbatch Method 

Wet masterbatch methods, in which elastomer latex is combined with filler, as recited in 
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claims 3, 4, and 5, and the specific wet masterbatch method recited in claims 1 and 65 are not 
contemplated by Jorgensen. Rather, Jorgensen only discusses dry methods of combining latex with 
filler. As noted above, dry mix methods reduce the Mooney Viscosity of the resulting rubber. As a 
result, the elastomer composites recited in the claims have a higher Mooney Viscosity than those 
disclosed or suggested by Jorgensen. Jorgensen neither discloses nor suggests how rubbers having 
such a high Mooney Viscosity should be baled. Furthermore, even for less viscous rubbers, 
Jorgensen suggests that void volumes below 21% render the bale non-processable. As a result, 
Applicant submits that Jorgensen fails to disclose or suggest a bale of elastomer composite pieces 
produced by mixing an elastomer latex with filler wherein the bale has a void volume of from 3 to 
20%, as recited by the claims, 

A Supplemental Information Disclosure Statement and a Request for Continued 
Examination are submitted herewith. As amended, the application has five independent claims. 
The application was filed with five independent claims. Therefore, Applicant submits that no 
further fees are due. Nonetheless, please charge any fees that may be required and refund any 
overpayment to our Deposit Account 03-0060. 

Date " Valarie B.Rosen 

Reg. No. 45,698 
Cabot Corporation 
157 Concord Road 
Billerica,MA 01821 
(978) 663-3455 

SuppOARS«pt2007xloc 
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Fillsr-NR master batches • continuous li- 
quid mixing • polymer-filler interaction • 
filler dispersion • hysteresis - cut-chip 
resistance - abrasion resistance 

The first filler-NR master-batch made 
with a continuous liquid mixing process 
is described. The master-batch is pro- 
duced by fast mixing and mechanical 
coagulation of polymer with filter, and 
with very short exposure to high tem- 
perature. This achieves excellent perfor- 
mance for the material such as (i) poly* 
mer-filler interaction is well preserved, 
(ii) polymer degradation is essentially 
eliminated,(m) superior filter dispersion 
independent of filler morphology, pv) 
simplified mixing with low energy con- 
sumption, (v) dust-free operations. The 
technology enables a wide range of car- . 
bon blacks to be used in rubber. Signifi- 
cant improvements in vulcanizate prop- 
erties are achieved including reduced 
hysteresis, improved cut-chip resistance 
and flex-fatigue Hfe and increased abra- 
sion resistance at high filler loading, 
compared with their dry-mixed counter- 
parts. 

NR/RuBmasterbatch Herstel- 
lung durch einen kontinuierli- 
chen Misch- und Fallprozess 

FQIIstoff-NR-Master-batches • korrtinu- 
ieriiches FiOssigphasenmischen ■ Poly- 
mer-Fullstoff-Wechselwirkung • Dipersi- 
on • Hysterese • Stollenausbruchverhal- 
ten • Abriebwiderstand 

Erstmalig wrrd die Herstellung von Full- 
stoff-NR Master-batches durch einen 
kontinuiertichen Misch und FaIlpro2ess 
des Polymerlatax mrt Ru8 vorgestellt. 
Durch das sehr schnelle Mischen und • 
die mechanisch induzierte Koagulation 
wird ein hoher Dispersionsgrad bei 
gleichzeitig geringer Temperaturbelas- 
tung erreicht Dieses fuhrt zu ausge- 
zeichneten Materialeigenschaften wie 
(j)intensive Polymer-Fttllstoff-Wechsei- 
wir-kung, (ii) geringer Potymerabbau, (iii) 
hohere und morphologieunabhangige 
Fiillstoffdisperslon, Ov) vereinfachter 
Mischprozess bei niedrigerem Ertergie- 
verbrauch, (v) staubfreie Verarbeitungs- 
ab/aufe. Die Technologic ist auf cine 
breite Palette von RuBen anwendbar. 
Sigrufikannte Verbesserungen dor vulka- 
nisateigenschaften wurden durch diese 
FQIIstoff-NR-Master-batches beispiels- 
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Phase Mixing 1 
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From a processing point of view, mixing is 
the most critical process for rubber com- 
pounding. Along with the basic physical 
changes of the materials, in some cases 
chemical reactions, the primary functions 
of mixing are incorporation, dispersion 
and distribution of the filler and other in- 
gredients in the polymers. Traditionally, 
this is achieved by using batch mixing 
and continuous mixing of fillers and solid 
rubber or pellets, referred to as dry mix- 
ing. 

During last few decades, a great effort 
has boon made to produce carbon black- 
polymer masterbatches by mixing poly- 
mer latex with filler slurry and then coagu- 
lating the mixture chemicaily. The com- 
mercial products are exclusively made 
by a batch process. With this process, 
generally the filler dispersion can be im- 
proved relative to dry mixing* However, 
the Jong mixing and coagulation time re- 
duces the productivity. For natural rubber 
as some non-rubber substances in NR 
latex, protein in particular, can be ad- 
sorbed on the filler surface and interfere 
with polymer-filler interaction. 

Cabot Elastomer Composite is a NR- 
carbon black masterbatch produced 
with a unique continuous liquid phase 
mixing/coagulation process [1], During 
this process, carbon black incorporation, 
dispersion and distribution are completed 
in a very short period of time. It has been 
found that this liquid phase mixing offers 
the following benefits over the conven- 
tional dry mixing and wet batch proces- 
sing: 

• Simplified mixing pnocedune; 

• Reduced mixing costs due to reduced 
mixing equipment, energy and labor; 



• Elimination of free carbon black hand- 
ling and reduced dust emission; 

• Excellent dispersion of filler indepen- 
dent of filler morphology; 

• Improved vulcanizate properties; 

• Improved capital efficiency; and 

• Facilitation of continuous mixing. 

In this paper, after introduction of the 
production processes of CEC, the pro- 
cessability and physical properties of 
this material will be discussed in compar- 
ison with dry mixing. 

Process of CEC production 

The process of CEC production, as pre- 
sented in Figure 7, consists of carbon 
black slurry make-up, NR latex storage, 
mixing and coagulation of carbon black 
slurry and latex, dewatering of thecoagu- 
lum, drying, finishing and packaging. 

The carbon black slurry is prepared by 
finely dispersing carbon black in water 
mechanically without any surfactant. 
The slurry is injected into the mixer at 
very high speed and mixes continuously 
with NR latex stream. Under highly ener- 
getic and turbulent conditions, the mixing 
and coagulation of polymer with filler is 
completed mechanically at room tem- 
perature in less than 0.1 second, without 
the aid of chemicals. 

After dewatering of the coagulum in an 
extruder, the material is continuously fed 
into the dryer to further reduce the moist- 
ure to less than 1 %. The residence time 
in the dryer is 30 ^ 50 seconds. Over 
the entire drying process, only for a 
very short period, typically 5 ~ 10 sec- 
onds, will the compound temperature 
reach 140~150*C. This is to say that 

rli irinn rlrvinn th^ trwnnn-nYirlatiVe de- 
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Figure 1. CEC pro- 
cess 



duced as a stabilizer for storage. Option- 
ally, the small ingredients in the com- 
pounds, such as zinc oxide, stearic 
acid, antiozonants, antioxidants, and 
wax can be added in this stage. 

The dried material can then be 
slabbed, cut or pelletized. Currently, 
CEC is packaged into highly friable bate 
form consisting of compressed small 
strips. 

The key feature of the CEC process is 
the fast mixing and coagulation, and a 
short drying time at high temperature. 
This achieves excellent performance for 
the material as polymer-filler interaction 
can be better preserved and polymer de- 
gradation can be well eliminated. 

Mixing of CEC 

One of the features of CEC Is its superior 
. filler dispersion. The dispersion of carbon 
black in the polymer is, therefore, not a 
concern for the compounders using 
CEC. Mixing other ingredients, such as 
antioxidants, wax, oil, vulcanization acti- 
vators and curatives, requires distinct 
procedures to take full advantage of 
CEC's unique properties due to the differ- 
ent rheological behaviors and different re- 
quirements between conventional rubber 
and CEC. The exact mixing specifications 
will be dependent on the type of com- 
pounds, mixing equipment, desired 
down stream processabiiity, product per- 
formance requirements, and other fac- 
tors. 



Features of CEC related to mixing 
Mooney viscosity 

CEC has a higher viscosity relative to pure 
polymer and the dry mixed masterbatch. 
The high viscosity of CEC is mainly 
caused by the hardening of the material 
during storage. This is especially the 
case for highly loaded compounds with 
high surface area carbon blacks, such 
as those used for tire treads. Besides 
the hydrodynamic effect of the filler, three 
mechanisms are responsible for the hard- 
ening effect of CEC: polymer gelation, 
bound rubber formation and carbon 
black flccculation. However, equilibrium 
is reached in a short period. 

Polymer gelation - This is the same as 
that for pure NR hardening during storage 
[2]. In this mechanism, the condensation 
of the biochemically-formed aldehyde 
groups along the polymer chains, prob- 
ably via association with non-rubbers, 
gives rise to increased viscosity of the 
rubber. A similar effect should be evident 
in CEC. • 

Bound rubber formation - This me- 
chanism is related to the addition of car- 
bon black in the polymer resulting in ad- 
sorption of polymer chains on the filler 
surface. This process may continue dur- 
ing storage as in the case of dry mixing 
where the Dound rubber increases rapidly 
at the beginning of storage and reaches 
equilibrium in about 1 month [3]. The for- 

nrtAtinri of hm mrl n ihh^r \nAl\ ftinnifi^arvHw 



ments on the filler surface. It is also re- 
lated to the entanglement between the 
adsorbed polymer chains and polymer 
molecules in the matrix (soij. 

Carbon black fJocculetlon - It has been 
recognized that through filler-filler interac- 
tion filler flocculation cr agglomeration 
can take place during storage. This is 
especially true at the very early stage of 
storage when the bound rubber has 
not been fully developed. As a conse- 
quence, the rubber trapoed in the ag- 
glomerates will lose, at least partially, its 
identity as rubber and behave as a filler 
due to its immobilization as far as the ag- 
glomerates cannot be broken down un- 
der an applied stress [6]. This leads to 
a substantial increase in apparent volume 
fraction of filler, hence viscosity of the 
compound. 

The storage hardening effect of pure 
NR can be efficiently inhibited by using 
some chemicals, such as hydroxylamine, 
which can react with aldehyde groups on 
the polymer chains via condensation me- 
chanism [7]. However, due to the filler ef- 
fect, effectiveness of these chemicals for 
preventing storage hardening of CEC is 
considerably reduced, 

Bound rubber formation is an indicator 
of polymer-filler interaction, which is an 
important parameter that governs rubber 
reinforcement. Any attempt to reduce 
bound rubber formation will result in de- 
terioration in rubber properties, abrasion 
resistance in particular. 

It should be point out that when some 
small chemicals, such as stearic acid, . 
antioxidants, oil and wax, are added in 
the CEC process, the viscosity of CEC 
will, to a certain extent, be reduced which 
facilitates the mixing process, 

Mastication efficiency 

A favorable feature of CEC related to mix- 
ing is that compared with dry-mixed car- 
bon black masterbatch, the Mooney vis- 
cosity of CEC drops more rapidly upon 
mastication and during downstream pro- 
cessing. Tnis may be associated with the 
high viscosity of CEC, which gives rise to 
high shear stress during mixing, facilitat- 
ing the mechano-oxidative mastication 
and break down of agglomerates to ro- 
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bilized, showing that the Mooney viscos- 
ity of the compound does not change 
with storage [Figure 2). As will be shown 
below, the rapid break down may lead to 
over mixing unless the mixing time is con- 
siderably reduced. 

CEC product form 

Generally, high torque may be generated 
when high viscosity materials are directly 
charged in to the Banbury. Practically, to 
avoid excess power or unacceptable 
peak torque, the materials are either 
warmed-up in a hot room or masticated 
on an open mill to reduce the viscosity. In 
order to simplify mixing procedures and 
minimize torque, CEC compounds are 
made into a "loose" bale form. In these 
loose bales, besides the bale can be ea- 
sily broken down, there is a certain 
amount of void volume, which substan- 
tially reduces the peak power when trie 
CEC bale is engaged between the rotors 
and wall of the mixer chamber in the early 
stage of breaking down the compound. 
This allows the loose bale to be fed di- 
rectly into the Banbury without pre warm- 
ing and premastication. Commercially, 
CEC is packaged in easy-to-handle 
16 kg loose bales in low melt bags. Pro- 
duct form alternatives,' such as slabs or 
pellets, are also under evaluation. 

Mixing equipment 

There are broadly two types of batch in- 



design, the main difference between 
these two types of mixers is whether 
the rotation paths of the major diameters 
of the two rotors intercept or not. The fea- 
tures of the tangential Banbury are a large 
available mixing chamber volume, high fill 
factor, quick feeding and discharging of 
material and high productivity per energy 
input [8]. The intermeshing mixer has the 
following advantages; efficient mastica- 
tion, temperature control, incorporation 
of oily material and dispersion of ingredi- 
ents. Therefore, similar to dry mixing, 
when different mixers are used for CEC 
mixing, the operational parameters, 
such as the fill factor, material feeding, ro- 
tor speed, ram pressure, and mixing cy- 
cle must be adjusted accordingly. 

in addition, CEC can be peiietized in a 
free flow form. The pellets can be easily 
fed to the continuous mixer to facilitate 
the continuous mixing. 

Mixing procedures 

Similar to conventional mixing, the mixing 
of CEC consists of several phases. After 
feeding in the internal mixer, the CEC ma- 
terial is broken down and masticated for a 
short period of time. This is followed by 
the addition of the small chemical ingre- 
dients such as cure activators, antioxi- 
dants, wax, and oil. Generally the batch 
is dumped after addition of the small che- 
micals and the curatives are added in the 
following or second stage. This is referred 
to as two-stage mixing, in certain in- 
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Two-stage mixing 

CEC mastication - After charging CEC 
into the mixer, the mastics on of CEC 
prior to the incorporation of einer ingredi- 
ents is critical. In this step, :ne material 
viscosity drops substantially which is es* 
sential for chemical addition and down 
stream processing. The length of masti- 
cation is mainly determined by the target 
Mooney viscosity, which should target 
down-stream mixing and processing. 
For tire tread compounds, for example, 
when a cold-feed extruder is used, a 
slightly longer mastication period is favor- 
able for the extrudate quality. The masti- 
cation time is also related to the incor- 
poration period and dispersion of other 
ingredients. Depending on the type of 
equipment, rotor speed, and compound, 
the mastication time can vary from 30 to 
90" and small adjustments may be ne- 
cessary when the batch size and ram 
pressure are changed. 

Addition of small Ingredients and oil - 
Following the initial mastication period, 
for CEC only having rubber and carbon 
black, the small . ingredients, such as 
zinc oxide, stearic acid, antioxidants 
and wax can be added. Generally, there 
is no significant difference in the incor- 
poration and dispersion of unmeltable 
powder chemicals between dry mixing 
and CEC mixing. However, the behavior 
of oily materials is somewhat different. 
This includes oil, liquid chemicals and so- 
lid materials that melt at the mixing tem- 
perature such as stearic acid, wax and 
some antioxidants. When oily materials 
are added, the stretching and tearing of 
the batch by the tips of wings no longer 
occurs. Therefore, no material transfer 
takes place between the rotors and be- 
tween the rotors and chamber side sur- 
faces, hence ho energy is imparted into 
polymer matrix. The oily materials essen- 
tially behave as a lubricant. The mixing 

action does not start until the oily materi- 
als are absorbed into the rubber. There- 
fore, the lubrication time or incorporation 
time of oily materials is determined by the 
rate of their absorption in rubber. 

In practice, an increase in mastication 
time leads to shorter lubrication time. In a 
limited range, an increase in batch size 
also results in speeding up the incorpora- 

ob- 
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Figure 3, Typical CEC mixing power in F270 
Banbury 



when the mastication temperature is reia- ' 
tively higher and an increase in rotor 
speed, if allowed, can effectively reduce 
the lubrication time. Shown in Figure 3 
are mixing charts for CEC with 50 phr 
N234 in a F270 Banbury. 

After the incorporation of the ingredi- 
ents, the batch can be dumped either 
onto a roll mill or into a single or twin 
screw extruder for further blending, cool- 
ing and sheeting or pelletizing, which are 
similar operations to those of dry mixing. 

When the oily chemicals are added in 
CEC production process, the mixing is fa- 
cilitated due to reduced viscosity and 
elimination of lubrication. For CEC con- 
taining all small ingredients, except cura- 
tives, this stage of mixing is only for mas- 
tication. Therefore, the mixing productiv- 
ity can be significantly increased by pre- 
addition of oily chemicals. In a mixing trial, 
the lubrication time is reduced by about 
0.5 to 1 minute for the CEC with pre*ad- 
dition of stearic acid. This results in a re- 
duction in the mixing cycle by about 
25 ~ 30 % with Banbury F50-4WST and 
intermeshing mixer Intermix K-2A Mark 
5 for the first stage compared with the 
CEC without stearic acid. 

Second stage of mixing - For two 
stage mixing, the second stage 19 used 
mainly to add curatives. The mixing pro- 
cedure is the same as that for dry mixing. 

Single-stage mixing 

Single stage mixing enhances productiv- 
ity as the mastication, incorporation, and 
dispersion of all ingredients are com- 



mixing time is allowed to achieve the re- 
quired dispersion of the ingredients and 
adequate down stream processability. 
With single stage mixing, curatives can 
be added erther with or after other ingre- 
dient addition. The batch should gener- 
ally be dumped below a temperature limit 
of 125°C to prevent precure or scorch. 

The key parameters to determine the 
feasibility of single stage mixing are, 
among others, the energy input and tem- 
perature profile. While enough energy is 
needed for Ingredient dispersion and for 
bringing down the compound viscosity 
the temperature has to be well controlled 
to a narrow range during and after cura- 
tive addition for the safety of down stream 
processing, such as extrusion, calender- 
ing or molding. 

For mixers whose rotor speed cannot 
be adjusted during mixing and whose 
cooling system is not efficient enough, 
the mixer should run at lower rotor speed 
in order to keep the batch temperature in 
the appropriate range. For example, the 
rotor speed should be similar to that 
used in the second stage of a two-stage 
mixing procedure. Consequently, the 
mixing cycle should be longer than that 
of the first stage of the two^stage mixing, 
but shorter than a 2-stage mix. 

The mixing efficiency can be substan- 
tially improved and the mixing cycle can 
be significantly reduced for single stage 
mixing when using a mixer with a variable 
speed drive and an intensive cooling sys- 
tem. In this case, the mastication and ad- 
dition of small ingredients, except cura- 
tives, can be performed at high rotor 
speed. When the rotor speed is reduced 
the mixer can be used as a cooling unit to 
bring the compound temperature down 
to a limit in an acceptable time, frame to 
allow the curative addition and disper- 
sion. Intensively cooled machines can 
reach excellent cooling rates- In this re- 
gard, the intermeshing mixer exhibits a 
significant advantage over a tangential 
Banbury due to its high mastication effi- 
ciency and high contact area between 
the compound and the mixer tempera- 
ture-controlled surface. 

In addition, pre-edditlon of small che- 
micals in the CEC compound facilitates 
single-stage mixing. Additionally, this re- 
sults from lower compound viscosity, 



Total mixing cycle 

The total mixing cycle, as mantioned be- 
fore, is determined by me dispersion of 
the ingredients and target viscosity of 
the compound. Too short of a mixing cy- 
cle may lead to a high compound viscos- 
ity, which in the worst case will leave 
some unfully masticated materials in 
the compound, giving a rough extrudate 
appearance. This is especially critical 
when a cold feed extruder is utilized. In 
the case of hot feed extrusion, the com- 
pound can be further masticated on the 
roll mills during warming before extrusion 
so that the mixing cycle in the mixer may 
be reduced. 

Over mixing of the compound will result 
in a very low Mooney viscosity. However, 
this will have a significantly negative effect 
on compound properties, viscoelastic 
properties in particular. More severe me- 
chano-oxidation of the polymer may influ- 
ence the aging resistivity. Also a low com- 
pound viscosity can facilitate the floccu- 
lation of the filler during vulcanization, re- 
sulting in higher hysteresis [9]. This will in- 
crease the roiling resistance when the 
compounds are used for tires, especially 
in tread compounds. On the other hand, 
where low viscosity is required, such as in 
wire skim compounds, CEC can be par- 
ticularly advantageous. 

Generally, the CEC mixing cycle can be 
30 to 70% shorter than the traditional 
mixing time, depending on the mixing 
procedures of dry mixing. 

In summary, CEC is a unique material 
that can be easily mixed in conventional 
rubber mixing equipment. To make max- 
imum use of its inherent qualities to im- 
prove productivity and to realize the per- 
formance benefits that result, the different 
mixing behaviors of CEC have to be re- 
cognized. 



Dispersion of carbon 
black in CEC 

One of the greatest advantages of CEC is 
the superior dispersion of carbon black in 
polymer. Shown in Figure 4 are the com- 
parison of macro dispersion measured by 
means of optical microscopy for two car- 
bon-black-Ni34-filled vutcanizates; one 
prepared with CEC using two-stage mix- 
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Figure 4. Disper- 
sion of carbon black 
N134 in CEC and 
dry-mixed com- 
pounds 
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Figure 5. TEM images of dewatenad CEC and dry mixed compounds 



proved compared with that of dry mixed 
compound, even though energy input for 
CEC mixing is much lower. In fact, the 
carbon black dispersion and distribution 
are fully completed at the very early 
stages of CEC process. This can be de- 
monstrated by an investigation of the car- 
bon black dispersion of CEC with trans- 
mission electron microscopy. As shown 
in Figured, for the N234^filied CEC, the 
carbon black dispersion Is already well 
dispersed and uniformly distributed 
throughout the polymer matrix in a very 
small scale after dewatering of the coagu- 
lum, where only minor mechanical energy 
has been input. In the case of dry-mixed 
compound, although an extensive mixing 
has been applied, the dispersion and dis- 
tribution are still very poor. This suggests 
that high quality of filler dispersion can be 
achieved with CEC technology without 
significant mechanical breakdown of 
the polymer molecules. 



For dry mixing, the carbon blacks can 
be classified into three groups corre- 
sponding to three regions in the DBPA- 
surface area map based on their dispersi- 
bility as shown in Figure 6. The carbon 
blacks having low surface area and higher 
structure, Region III, are generally easy to 



disperse with dry mixing. Thedispersibility 
of those blacks in Region II is substantially 
reduced. The carbon blacks in Region I 
are low structure and high surface area 
products that are very difficu'i to disperse 
with the conventional process. However, 
with the CEC process, to** all the carbon 
bfacks investigated,, either in Region I or 
Region II, the dispersion substantially 
better than that for dry-mixed com- 
pounds. This is shown in Figure 7 where 
the dispersion of carbon blacks is charac- 
terized by percentage of undispersed 
area measured with a computerized ima- 
ging analysis system [10]. As can be seen, 
while excellent dispersjon are shown for 
. all CEC compounds with the undispersed 
area below 0.3%, in the case of dry- 
mixed compounds, the undispersed 
areas are over a range from 0.6 to 7% 
and from 1 ,5 to 10 % for Region II and I, 
respectively. 

Technically, the grades of carbon 
blacks used for rubber reinforcement 
can be greatly expanded via CEC tech- 
nology. Traditionally, as carbon biacks 
with surface area higher than 160 m 2 /g 
and CDBP lower than 60 ml7100g can- 
not be dispersed with dry mixing, they 
are not considered rubber grades. With 
CEC technology, however, over the prac- 
tical range of loading, the carbon blacks 
with surface area as high as 260 m 2 /g 
and CDBP as low as 40 mLMOOg can 
be dispersed in the polymer matrix with 
excellent dispersion. This is a great ad* 
vantage of CEC technology for rubber re- 
inforcement as these carbon blacks may 
impart some unusual properties to the 
filled rubber compounds. 
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Figure 7. Dispersion of carbon blacks in CEC and dry-mixed compounds 



Cure characteristics of CEC 
compounds 

Generally, the cure characteristics of CEC 
compounds are similar to those of dry- 
mixed materials. However, somewhat 
shorter scorch time and higher cure 
rate may be observed with CEC com- 
pounds. This is generally due to the 
moisture content. It has been found 
that moisture can catalyze the decompo- 
sition of the acceferators into intermedi- 
ate active products, for example, amine 
and 2-mercaptobenzothiazole from sui- 
phenamide, the cure onset and cure ki- 
netics can be significantly sped-up. The 
•effect of moisture on cure characteristics 
is similar for both CEC and dry-mixed 
compounds. Presented in Figure 8 is 
the effect of moisture content on scorch 
time of N234 filled' compounds. The 
moisture contents in the final compounds 
are varied either by adding moisture in the 



compounds or by drying the NR and CEC 
in an oven before mixing and measured 
just before the scorch test. Obviously, 
the scorch time of both CEC and dry- 
mixed compounds follow almost the 
same function as moisture content. 
CEC's moisture content is 0.5 to 1 %. 



Physical properties of CEC 
vulcanizates 

Stress-strain properties 

It is generally observed that, with the 
same formulation, the static moduli mea- 
sured at high elongations (100% and 
300%) of CEC vulcanizates are similar 
to those of their dry-mixed counterparts, 
Statistically, the CEC gives slightly higher 
tensile strength, longer elongation • at 
break, and 1 .5 to 2.5 points lower hard- 
ness at the practical loading. 
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Abrasion resistance 

Generally speaking, for the carbon blacks 
that are easily dispersed, the abrasion re- 
sistance of CEC is comparable to that of 
dry mixed counterparts at tower loading. 
For the high surface area- and/or low 
structure-carbon blacks that have poor 
dispersibility, the CEC gives advantages 
over dry mixing in abrasion resistance, 
especially at higher filler loading. 

Presented in Fgure 9 is the effect of 
loading (carbon black N 134) on abrasion 
resistance measured by means of Cabot 
Abrader (a Lambourn-type machine) at 
7% slip ratio. For both CEC and dry 
mixed compounds with SMR 20 that is 
generally used in tire tread, the abrasion 
resistance increases with filler loading, 
passing through a maximum, and then 
drops. Several mechanisms may be in- 
volved in the reduction in abrasion resis- 
tance at high filler loading. Among others 
such as reduction in rubber content, ra- 
. pid increase in hardness, and deteriora- 
tion of fatigue resistance, the poor disper- 
sion of carbon black at high loading plays 
an important role for the decline of abra-. 
sion resistance. The excellent carbon 
black dispersion, even at high loading ac- 
counts for the significantly better abra- 
sion resistance of CEC, compared with 
dry-mixed compounds at high loading. 
Also due to the improvement of filler dis- 
persion, the CEC technology is able to 
move the maximum abrasion resistance 
and optimum filler loading to higher le- 
vels. 

Practically, for certain applications, 
such as tire tread compounds, the hard- 
ness of the materials has to be limited in a 
relatively narrow range, due to the bal- 
ance of wear resistance, skid resistance 
and other performance. For a given car- 
bon black, this is generally achieved by 
adjusting carbon black loading and oil 
contents. It has been found that at con- 
stant hardness, the abrasion resistance 
follows different curves as a function of 
filler and oil loading. Figure 10 illustrates 
the effect of carbon black N234 and oil 
on abrasion resistance at 7 % slip ratio 
for the compounds with hardness of 
65« For dry-mixed compounds, .abrasion 
resistance decreases monotonously with 
increasing carbon black and oil loading, 

resis- 
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Figure 10, Effect of carbon black and oil loadings on abrasion resis- 
tance 



of oil adsorption on polymer-filler interac- 
tion, one of the most critical parameters 
controlling abrasion resistance. In dry- 
mixed materials, the oii adsorption inter- 
feres with the polymer-filler interaction. In 
contrast, the polymer-filler interaction in 
CEC is much less affected by the addition 
of oil during mixing, as the adsorption of 
polymer chains on carbon black surface 
has already been completed. This can be 
demonstrated by evaluating the effects of 
oil addition on the bound rubber content. 
Figure 1 1 shows the differences in bound 
rubber content between CEC and dry- 



mixed compounds with different levels 
of oil. The results are taken from a statis- 
tical analysis of about 200 pairs, each pair 
having one CEC and one dry-mixed com- 
pound with the same formulation. For ail 
compounds with and without oil, CEC 
gives higher bound rubber. The difference 
increases as the oil content increases for 
the compounds. 

The drop in abrasion resistance of CEC 
compounds at high loading of oil and car- 
bon black is mainly caused by the drastic 
reduction of the polymer content, the ba- 
sic component in the vulcanteate. 



Dynamic hysteresis at 
high temperature 

One of the most important features of 
CEC vulcanizates is their lower- hyster* 
esis at high temperatures, such as 
50 ~ 80 °C. Due to the excellent correla- 
tion between rolling resistance of tires 
and hysteresis of the tread compounds 
at high temperature, lower roiling resis- 
tance and lower heat build-up are ex- 
pected with CEC. 

For 8 carbon blacks including those 
with surface area from 110 to 200 nr^/g 
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and CDBP from 52 to 116mL/100g,' 
compounds having oil loading from 0 to 
30phr and filler loading from 30 to 
75 phr, the statistic reductions in maxi- 
mum loss tangent obtained from strain 
. sweeps, tan 5^, at 60 °C from 340 com- 
pounds are presented in Figure 12. When 
the hysteresis of the compounds i$ com- 
pared pair by pair between CEC and their 
dry- mixed counterparts with the same 
formulations, the hysteresis of CEC vuf- 
canizates is on average 7 % lower. This 
number increases to 9% and 11.5% 
for the compounds containing oil (from 
5 to 3Qphr) and high oil (from 10 to 

PAGE 18/27 * RCVD AT 9/12/2007 3:37:: 



blacks, i, e., depressed filler networking. 
This can be demonstrated by the Payne 
effect i.e.. the difference in dynamic 
moduli measured at low strain amplitude 
and high strain amplitude. The Payne ef- 
fect has been widely used as a measure 
of filler networking (6). For all 340 com- 
pounds mentioned above, the average 
Payne effect measured at strain ampli- 
tude at 0.1 and 60 % is About 9% lower 
for CEC vulcanizates figure 73) and this 
difference increases with increasing oil 
contents in the compounds. 

Similar results were also observed 
when the compounds were adjusted to 
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is always lower for CEC and it is even 
more favorable at higher filler and oif load- 
ing. 

The rebound results are consistent 
with the observations on hysteresis. In 
Rgure 75, the rebounds measured with 
Zwick tester for a series of carbon blacks 
and filler loading are plotted as a function 
of y<f> t a so-called loading-interfacial-area 
parameter. Here vj/ is interfacial area 
equaling to pS<0. P is the density of the 
filler, S, the specific surface area and <p, 
the volume fraction of tne filler in the com- 
pounds. Caruthers, Cohen and Medalia 
[11], found a good correlation between 

As 
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compounds is improved by 3 % absolute 
points (or 5 % to 10 % in total) with CEC 
technology compared with conventional 
dry mixing. 

The higher rebound or lower hysteresis 
of CEC compounds results in lower heat 
build-up. In a typical endurance test for 
CEC truck tires, compared to an existing 
commercial tire, the running temperature 
was reduced by 1 0°C and endurance life 
increased by 17% for CEOtread com- 
pounds prepared with a comparable for- 
mulation as the dry mix. 

Cut-chip resistance 

The cut-chip resistance of CEC com- 
pounds were investigated by means of 
the Cabot OTR-Service Simulator with- 
Nylon 6 ply rated 6.90 x 9 inch diameter 
tires. The tires were retreaded with com- 
pounds containing carbon black N234, 
N220, N231 and Regal 660 that is a 
low structure member of the N200 group 
of carbon blacks with surface area 
112m 2 /g and CDBP52mL7l00g. The 
cut-chip ratings were determined by 
counting and totaling the number of de- 
fects (1/8" or larger) in the tread area 
which result from cutting, chipping, 
chunking and abrasive action of the tire 
traveling over the Simulator track. The re- 
sults are presented in Figure 16. Com- 
pared to the traditional materials, the 
CEC tread compounds give significantly 
improved cut-chip resistance. This is 
especially true for the low structure car- 
bon blacks. It is generally observed that 
low-structure carbon blacks give higher 



tearing strength, but this advantage is off- 
set by their poorer dispersibility in dry mix- 
ing. For carbon black Regal 660, while 
cut-chip properties of dry-mixed com- 
pounds is even poorer than that of car- 
bon black N231 , its potential for improve- 
ment of cutting and chipping properties is 
fully brought out by CEC technology. 

Flex fatigue 

Mainly thanks to the excellent dispersibil- 
ity of carbon blacks, and maybe also due 
to lower heat-build-up, a great benefit for 
fatigue resistance has been obtained 
from CEC. Compared with the traditional 
compounds, the average fatigue life in 
compression mode increases by well 
over 90% which will impart a significant 
improvement to service life of some rub- 
ber goods, such as antkvibration pro- 
ducts, wipers, belts and even sidewall 
of tires. 

Conclusions 

Cabot elastomer composite (CEC) is the 
first filler-natural rubber masterbatch 
made with a continuous liquid mixing pro- 
cess. This technology enables an en- 
vironment-friendly operation, simplified 
mixing and lower labor- and energy-con- 
sumption. A step improvement is ob- 
tained in filler dispersion. Superior disper- 
sion of carbon blacks is now possible in- 
dependent of filler morphologies. With 
this technology, the rubber grades of car- 
bon blacks can be extended to those with 
much higher surface area and lower 



Structure grades, which cannot be dis- 
persed in rubber with the traditional 
dry-mixing process. Due to the excellent 
dispersion of carbon blacks in CEC com- 
pounds, the hysteresis, stress-strain 
properties, cut-chip resistance, flex-fati- 
gue life and abrasion resistance of the 
vulcanizates are significantly improved 
over their dry-mixed counterparts. 
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